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Mesophase-derived nucleic acid (peptide)
self-organizations visualized by scanning force
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For approaching biomesogen self-organizations in nucleic acid (peptide) assemblies from the perspective
of interacting individual macromolecules and their integrating collective mesophase organizations, DNA
duplex as well as RNA duplex, triplex, quadruplex and duplex/peptide domains and microdomains have
been visualized as graphite surface adlayers by scanning force microscopy. Derived from corresponding
mesophase designs, the adlayer imagings of dsDNA, dsRNA and qsRNA reveal aligned supramolecular
bundles that follow self-organizational strategies within the adlayer/interface restrictions. For tsRNA and
dsRNA/oligo- and polypeptide variations more complex adlayer organizations are observed. Copyright 
2002 John Wiley & Sons, Ltd.
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INTRODUCTION

It seems that life originated with optimizable amphiphilic
patterns in complex tensions of liquid/solid interfaces.1,2 It
was the mesogenic constituents of the grand amphiphilic
patterns of life that provided decisive prerequisites for the
projection of individual molecular facilities into the structural
and functional amplifications of cooperative and dynamic
(bio)mesogen domain ensembles within the growing com-
plexity of self-sustaining patterns.1 – 4

Although life from its beginning appears intrinsically
inflicted by inherent structure/phase dualities,2 scientific
investigations met with difficulties in approaching cen-
tral regions where molecular structural amplifications and
phase/microphase/cluster reductions establish elementary
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dynamic units of developmental supramolecular biomeso-
gen organizations1 – 12,14,15 (Figs 1 and 2). Solid- and liquid
(solution)-phase studies outclassed promising mesophase
areas in-between.6,7,13 The first hesitating biopolymer
mesophase elucidations tried to avoid threatening com-
plexities by embarking preferentially on plain and clearcut
experimental conditions.25 – 33 Life, however, from its very
beginning, has been ruled by indeterministics rather than
deterministics and thus many derivations from beautiful
deterministic scientific experiments will end their causality
chains where life in reality would start.1 – 4,20 – 24,33

Trials to overcome methodological shortcomings and
disciplinary limitations have to face life in all its complexities,
linking prebiotic outsets with the last species optimization
strategies.1

Among the recent achievements to deal with supramolec-
ular biomesogen complexities, molecular-resolving and
dynamically extended microscopies offer intriguing insights
into the sequences from preintelligent self-organizations over
organismic perfectionism—even up to the magic problems
of human consciousness. Still somewhat in their infancies,
scanning probe microscopies (SPM/SXM), especially scan-
ning force (SFM) and scanning tunnelling microscopy (STM),
approach the dualism between supramolecular constituents
and biomesogen operation modes in the complex hierarchies
of life.1 – 4
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Figure 1. Basic nucleic acid geometries (left part, top-down) in
Corey–Pauling-Kultun (CPK) presentation1,2,6,7,13,17 —dsDNA,
dsRNA, tsRNA, qsRNA[(G)n] and hypothetical dsRNA/(L-Lys)n
complexations with ˇ-stranded (Lys)n —fitting salt- and
hydrogen-bonding networks within the shallow grooves of
A-RNA and Olson-RNA,4,16 compared (right part, top-down)
with mesophase reduction via microphase (top-down) and
structural amplifications via macromolecules (bottom-up),
centering in the (pre)biologically relevant areas of
supramolecular (bio)mesogen organizations.1–4,15,17–24

MATERIALS AND METHODS

Poly(deoxy)nucleotides and peptides
Poly(deoxy)nucleotides and oligo- and polypeptides (DNA:
Reanal; RNAs: Serva, potassium salts; polypeptides: Serva,
HBr salts) include high-molecular-weight polydispersed
chicken-erythrocyte DNA (ch-DNA) (ε260 D 6.6 ð 103),
polyuridylic acid (U)n (S20,w D 5.7, ε260 D 9.35 ð 103),
polyadenylic acid (A)n (S20,w D 8.8, ε258 D 9.8 ð 103),
polyguanylic acid (G)n (S20,w D 7.8, ε260 D 9.9 ð 103), L-
(tetralysyl)lysine and poly-L-lysine 2000 (Mr D 2–5 kDa),

6000 (Mr D 6–9 kDa), 10 000 (Mr D 10–20 kDa) and 15 000
(Mr D 15–30 kDa).

The Tm measurements for poly(deoxy)nucleotides were
carried out in sterile bidistilled water by increasing the
temperature at a rate of 1.0 °C min�1. with the help of
a Lambda2 spectrometer equipped with a PTP-1 Peltier
temperature control device.

The ch-DNA was swollen in sterile bidistilled water (4 °C,
3 days) and the diluted aqueous solution (0.1 mM in 1 mM

NaCl) then analysed by Tm melting curves (Tm D 69 °C).
The aqueous double-stranded (ds) RNA solutions of

�A�n Ð �U�n were prepared by mixing equimolar amounts
of the preswollen (bidistilled water, 4 °C, 3 days), diluted
and denaturated (80 °C, 5 min) polydispersed RNA single
strands in nuclease-free vessels. After hybridization (4 °C,
5 days) the samples were dissolved in the buffer solution
and analysed by their Tm melting behaviour (0.1 mM RNA-p
in PBS buffer of 0.01 M phosphate and 0.15 M NaCl, pH 7.0;
ε260 D 6.1 ð 103; Tm D 56 °C).

For the triple-stranded (ts) RNA solution of �A�n Ð 2�U�n

an additional equimolar amount of the denaturated (80 °C,
5 min) (U)n single-strand solution was added to the above-
prepared �A�n Ð �U�n solution at 15 °C. The solution was
incubated (4 °C, 7 days) before analysis (0.1 mM RNA-p in
PBS buffer of 0.01 M phosphate and 0.15 M NaCl, pH 7.0;
Tm D 58 °C).

The quadruplex of polyguanylic acid (G)n was prepared
by heating the preswollen (bidistilled water, 4 °C, 3 days)
aqueous (G)n solution (1 mM, 90 °C, 5 min) and slowly cooling
down. The polyguanylic acid–tetraplex �G�n Ð �G�n Ð �G�n Ð
�G�n solution shows no Tm below 95 °C (0.1 mM RNA-p in
PBS buffer of 0.01 M phosphate and 0.15 M NaCl, pH 7.0).

The DNA– and RNA–peptide complexes of chicken
DNA as well as polyuridylic Ð polyadenylic acid duplex
and triplex combinations (potassium salts) with oligo-
and poly-L-lysines (HBr salts: L-(tetralysyl)lysine and
poly-L-Lys-2000/6000/10000/15000) were prepared at
20 °C by mixing the buffered aqueous nucleic acid
solutions (0.1 mM RNA-p in PBS buffer of 0.01 M

phosphate and 0.15 M NaCl, pH 7.0) with the indicated
equivalent of oligo- and poly-L-lysines diluted in a small
amount of water. The complexes were analysed by
their Tm melting behaviour: ch-DNA/0.1(L-Lys)5, 72 °C;

Figure 2. Nucleic acid geometries as molecular building blocks of biomesogen organizations (left to right) in skeleton and CPK
illustrations:1,2,6,7,16,34–42 dynamics of dsDNA with asymmetric counter-ion cloud distribution (centre), approaching suprahelical
circular (top left) from linear (bottom right) dsDNA.
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�U�n Ð �A�n/0.1(L-Lys)5, 65 °C; �2U�n Ð �A�n/0.1(L-Lys)5, 65 °C;
�U�n Ð �A�n/0.05/0.1/0.2(L-Lys2000), 62/62/67 °C; �U�n Ð
�A�n/0.1(L-Lys6000), 64 °C; �U�n Ð �A�n/0.1(L-Lys10000),
64 °C; �U�n Ð �A�n/0.1(L-Lys15000), 63 °C.

Polarizing light microscopy
For polarizing light microscopy studies (Figs 3 and 4),
the lyophilized samples were swollen in sterile bidistilled
water (4 °C, 3 days). Then the solutions were filled up
with buffer solutions (ch-DNA samples: 1 mM NaCl, RNA
and RNA(peptide) samples: 0.01 M phosphate, 0.15 M NaCl)
to reach DNA and RNA(peptide) start concentrations of
¾100 mg ml�1. After that, a 10–15 µl droplet of each sample
solution was deposited between a partially sealed slide and
coverslip and observed by employing a Leitz Labor Lux
12S polarizing microscope equipped with a Hitachi KP-551
video colour camera (crossed polars, magnification rate
536ð). The progressive increase of the sample concentration
was obtained by controlled evaporation of the solvent,
yielding a continuous concentration gradient. The textures
were observed after a few minutes to a few hours at room
temperature.

Figure 3. Biomesogen nucleic acid (peptide) organizations
(top) and their mesophase textures (bottom). Nucleic acid
(peptide) geometries (left to right and top to bottom): B-DNA
and A-RNA duplex, RNA triplex and
(G)n-quadruplex1–4,6,7,16,17,33–35; DNA- and RNA/(peptide
ˇ-sheet) evolutionary models for nucleic acid–peptide
interactions.40–42,63 Sequence-corresponding liquid crystal
textures in individual evolutions between cholesteric and
columnar design (left to right and top to bottom): ch-DNA,
mosaics of fingerprints; �U�n Ð �A�n, cholesteric/columnar
terraces; �U�n Ð �A�n Ð �U�n and �G�n Ð �G�n Ð �G�n Ð �G�n,
cholesteric spherulites: �U�n Ð �A�n/0.1(L-Lys)5, mosaics of
fingerprints (magnification 536ð).

Figure 4. Comparison of nucleic acid–peptide mesophase
variations (left to right and top to bottom): �U�n Ð �A�n, multiple
cholesteric mosaics; L-Lys-2000, unspecific cholesteric
appearances; �U�n Ð �A�n Ð �U�n, cholesteric/columnar
transitions; �U�n Ð �A�n/0.1(L-Lys)5, cholesteric/columnar
patterns; �U�n Ð �A�n/0.1 L-Lys-2000, unspecific complex
textures; �U�n Ð �A�n/0.1 L-Lys-10 000, cholesteric/columnar
patterns (magnification 536ð).

Scanning force microscopy (SFM)
The SFM images (Figs 5–7) were collected at room temper-
ature in air using the commercially available Nanoscope III
instrument (cantilevers 200 µm long, pyramidal tips of sili-
con nitride, tip radii 4–40 nm, spring constant 0.06 N m�1).
Highly oriented pyrolytic graphite (HOPG) was used as
the substrate. For sample preparation, 20 µl of a diluted
solution of each nucleic acid (peptide) complex in water
were poured slowly across the substrate surface of freshly
cleaved HOPG at room temperature, allowing for evapo-
ration as indicated for UV mesophase investigations. The
nucleic acid/peptide images were obtained in constant force
mode at 15–20 nN net repulsive force, collecting the scans
from left to right with a 512 ð 512 pixel information density
at scan rates of 3.1 Hz for DNA and 1.7 Hz for RNA(peptide)
complexes. All images are presented as raw data except for
flattening.

Molecular modelling
Both B-DNA and A-RNA (peptide) models (Figs 2, 3 and
8) have been generated according to Brookhaven Pro-
tein Data Bank on Silicon Graphics workstations using
HAMOG and SYBYL 6.2. programs. Evolution of DNA
(Fig. 2) under the conditions of different sidewise helical
counter-ion distribution42 (left side, 0.5 eV, right side, 1.0 eV)
has been computed with the force-field MD program Amber
5.0, starting with pure DNA at 67 K up to 70 K (680 ps–0.5 fs,
stepwise). Simulations are without constraints, nVT ensem-
ble, cut-off radii 10 Å and non-bonded list actualized at every
simulation step.

RESULTS AND DISCUSSIONS

Solid-phase physics unravelled the statics and, to a cer-
tain degree, foreseeable dynamics of life’s informational
component.1 – 9 Liquid-phase (solution) experiments eluci-
dated its single-molecule operation modes.1 – 15,34,42 Late, self-
organizational facilities redirected the extreme views to the
spectra of diverse mesophase areas.1 – 4,10 – 12 Volume-phase

Copyright  2002 John Wiley & Sons, Ltd. Surf. Interface Anal. 2002; 33: 126–136



SFM mesophase-derived nucleic acid self organizations 129

Figure 5. Scanning force microscopy visualizations of polydispersed chicken erythrocyte DNA/HOPG adlayer domains and
microdomains (left to right and top to bottom): two- and three-dimensional overall views; three-dimensional single-molecule
imaging; three-dimensional overall presentation. Scale: 0.25 µm light bar; 1 µm dark bars.
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Figure 6. Scanning force microscopy visualizations of ds/ts/qsRNA and dsRNA/short peptide organizations in two-dimensional
(left) and three-dimensional (right) presentations (left to right and top to bottom): �U�n Ð �A�n duplex; �U�n Ð �A�n Ð �U�n triplex;
�G�n Ð �G�n Ð �G�n Ð �G�n quadruplex and �U�n Ð �A�n/(L-Lys)5. Scale: 0.25 µm light bars; 1 µm dark bars.

investigations yielded more indirect insights into the three-
dimensional statics and dynamics of large (idealized) mole-
cular ensembles.1 – 5,20 – 33,48 – 66 Langmuir–Blodgett appro-
aches, within two-dimensional lateral mesophase extensions,

vertically reached the basic operational units of biomesogen
nucleic acid/protein/membrane logic blocks.2,10,24,67 In both
cases, SFM and STM seemed promising68 – 73 to direct our, so
far, statically and dynamically limited insights to basal nano-
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Figure 7. Scanning force microscopy images of dsRNA/peptide variations in two-dimensional presentations (left to right and top to
bottom): L-Lys-2000; �U�n Ð �A�n Ð �U�n; �U�n Ð �A�n; �U�n Ð �A�n/0.1 L-Lys-2000; �U�n Ð �A�n/0.1 L-Lys-6000; �U�n Ð �A�n/0.1
L-Lys-10 000. Scale: 1 µm dark bars.

and subnanoscales. In first attempts to visualize supramolec-
ular (bio)mesogen organizations derived from governing
mesophase designs, we have carried out corresponding
measurements with the help of SFM, STM, polarized light
microscopy, differential scanning calorimetry, x-ray diffrac-
tion and Langmuir–Blodgett techniques.74 – 82

In the special case here, we tried to enlarge insights
into mesophase-derived nucleic acid–peptide adlayer orga-
nizations and to link not only ensemble- and individuality-
orientated methodologies but to direct the first steps to the
continuing approaches for preintelligent organizations on
their way up to consciousness1,2 (Figs 1 and 2).

Contrary to the mainstream of mesophase elucidations of
nucleic acids, which so far aimed at distinct phase-diagram
relationships promoted by easily surveyable uniform molec-
ular prerequisites as to shape, design and supporting solution
conditions, we concentrated on the more difficult to handle
processings of polydispersed entities in prebiotically and
biologically relevant aqueous solutions. Hereby, each sample
represents, to a certain degree, a well-expressed individuality
of its own that tries to follow milieu-dependent processings
by complex individual mesophase space–time adjustments
and adaptations.

Dispensing with these exact differentiations in well-
expressed texture appearances and transition sequences that
contradict probabilistic evolutionary causes, we tried to cope
with those developmental strategies by SFM sights that might
forward both molecular and phase/microphase elucidations
determining the central parts of supramolecular biomesogen
organizations.

Poly(deoxy)nucleotide (peptide) samples and their
mesophases — analyzed by polarizing light
microscopy
Analyses of the prepared aqueous sample solutions
of high-molecular-weight polydispersed ch-DNA as well
as �U�n Ð �A�n duplexes, �U�n Ð �A�n Ð �U�n triplexes and
�G�n Ð �G�n Ð �G�n Ð �G�n tetraplexes for RNA organizations
by Tm melting curves confirm earlier results, including
detailed phase diagrams for the (U)n/(A)n duplex/triplex
variants.1,6,7,13,16 – 18,33 – 41 The ch-DNA/(L-Lys)n complex-
ations, as well as the differently stranded RNA/(L-
Lys)n combinations meet the general expectations for
peptide-based additional stabilizations according to the Tm

shifts. Uncertainties about the underlying, molecular mod-
els limit more far-reaching suggestions as to structural
interdependences.1,2,6,7,16,27,33 – 42,63

Because nucleic acid organizations played crucial
(pre)biotic roles in RNA and RNA–DNA–protein world
developments1 – 9,13 – 24 and forwarded in vivo developments
into highly operable condensed organismic forms, as in
cells, cell nuclei, genetic materials, ribosomes, mitochondria
and other biological objects, up to the consciousness pat-
terns of our central nervous systems,1,2 the formation of
lyo-, thermo- and amphotropic mesophases in concentrated
aqueous solutions of these semi-rigid macromolecules and
their experimental investigations in the field of complex
nucleic acid biomesogen systems have received growing
interest.1 – 4,20 – 33,44 – 67

The texture observations presented here of nucleic acid
(peptide) complexations (Figs 3 and 4) are indicative of the

Copyright  2002 John Wiley & Sons, Ltd. Surf. Interface Anal. 2002; 33: 126–136



132 W.-V. Meister et al.

surprising aptness of broad ranges of nucleic acid species to
obtain even the idealized states of classical liquid-crystalline
mesophases, irrespective of whether polydispersed high-
molecular-weight DNAs and RNAs or shorter definite
stretches of oligo(deoxy)nucleotides represent the differ-
ent objects of interest. Contrary to the ease of adopting
mesophases, in general, the requirements for evolutionary
diversities compared with man-made artificials2,69 – 71 ren-
der adjustments of definite molecular patterns to rather
unspecific, complex texture expressions an open prob-
lem. The sequences of Figs 3 and 4 for polydispersed
dsDNA, dsRNA, tsRNA and qsRNA mesophase arrange-
ments thus reveal accidental space–time cuts from com-
plex mesophase developments between cholesteric and
columnar hexagonal phases,25,28,48 – 61,74 – 76 and spectra of
multiple combinations would result from even small dif-
ferences in starting conditions and sample evolutions. The
dsRNA–peptide textures complicate the picture by the mul-
titude of peptide partner interaction facilities that enhance
the multiplicity of expressions, even up to possible solution-
demixings.1,2,4 – 6,34,35,63 It should be emphasized that we
are thus unable to follow complex individual mesophase
interplays by the common instrumentary of statistical major-
ity descriptions, and that the problems of evolutionary
probabilistics themselves exclude full deterministic relation-
ships with well-expressed texture appearances and transi-
tion sequences within reproducible phase diagrams. Aside
from the elite, highly sophisticated ambitions of countless
researchers to elucidate mesophase relationships in close
interdependences with molecular and amphotrophic param-
eters, expressed in pronounced mesophase appearances of
definite sequences,25 – 32,44 – 61 the complex basal prerequisites
of our systems yielded coloured mosaic patterns of quite
different mesophase appearances within complex texture
evolutions of each individual system. So it is virtually
by chance that if Figs 3 and 4 present texture evolu-
tions they are characterized by probabilistic space–time-
dependent mosaics of micropatterns between cholesteric
and columnar phases rather than by fully deterministic
complete overall designs within well-characterized phase
diagrams.2,74,75

Scanning force microscopy visualizations of the
poly(deoxy)nucleotide (peptide) samples
Although organizational phenomena, especially in artifi-
cial liquid crystals, have been compared by SFM and
STM, the field of biopolymer species has been devoted
mainly to studies of molecular individuals rather than
molecular ensembles.63 – 113 Here, numerous artificial and
native objects—differently stranded nucleic acids, helical
superstructures, plasmids, bacteriophages, viruses, pro-
teins and membranes—have been visualized by deposit-
ing on a variety of quite different surfaces, such as
graphite, (modified) mica, silicon, MoS2 and various other
minerals.68,69 – 72,74 – 76,79,80,83 – 98 The obvious neglect of meso-
phase patterns in previous nucleic acid SXM investiga-
tions remains surprising in view of the common empha-
sis and endeavours in biopolymer packings, replications,
information processings and general in vitro and in vivo

regulations.2,73 Our first approaches to SFM elucidation of
nucleic acid domain and microdomain self-organizations in
adlayers to solid supports unravelled the first intriguing
pictures of nano and subnano insights into supramolec-
ular arrangements within self-organizational biomesogen
patterns2,24,74 – 77 and it had been the elucidations of single-
molecule88 methodologies that turned unexpectedly suc-
cessful in this case.74,75 Although graphite, after the first
euphoria, had been accused of mimicking the clefts and
breaks in nucleic acid design, with its lower adhesion forces
to nucleic acids in highly concentrated aqueous solution it
provided a rather ideal support to tolerate nucleic acid self-
organizations within the slowly evaporating adlayers.2,74 – 77

Even the more obtuse pyramidal tips in the convenient
contact force mode proved favourable in comparison with
the more acute but abrasive versions in the more sensi-
tive tapping mode. Although we used the rolling droplet
method on freshly cleaved HOPG, as described previously
in detail,74,75 precaution is to be taken in the interpretation of
the images.

All high resolution microscopy studies were performed
in the contact mode, with forces of ¾20 nN between tip and
sample. From SEM images of the Si3N4 tips used, we estimate
a typical curvature radius R of the tip to be ¾25 nm and a
full aperture 2˛ of the tip cone to be 90°. The SFM images of
parallel nucleic acid stretches exhibit more structures with
details down to ¾20 nm, in accordance with the values of
R and 2˛. This yields a nominal pressure under the tip of
¾2 kbar, assuming a depression of the sample caused by
the tip of 1 nm. A single strand of nucleic acid is known
to have a diameter of ¾2.2 nm. From the apparent height
of 1.2 nm in the SFM image and the apparent width of
the strands, it might be concluded that each visible parallel
zig-zag line structure corresponds to either ds/ts/qs-nucleic
acids or bundles of such arrangements. In all DNA, RNA
and certain RNA/peptide images (Figs 5–7), we notice well-
ordered areas of thicker bunches together with neighbouring
regions of apparently finer and thinner structures. These finer
lines may well correspond to single nucleic acid strands,
possibly pulled out of the ordered region of nucleic acid
bundles by the action of the SFM tip. Further proof of the
image broadening effect by the bluntness of the tip is seen
by the substrate steps, which are of monoatomic height but
of apparent width 2.3 nm.

The effect of a non-negligible pressure exerted by the
tip on the sample has been proved by the observation
of an occasional shift of parts of the strand assemblies
over a substantial distance in the imaged area, whereas
other parts of the strand assembly with seemingly stronger
adhesion to the substrate remain unaltered (besides the
effect of thermal drift). Owing to their much stronger
contrast compared with the height images, predominantly
lateral force images are presented here (the weakness of
the contrast of the height images results from the larger
contrast slope superimposed onto the small nucleic acid
structures, caused by the inevitable inclination of the
substrate crystal with respect to the axis of the scanning
tip). To a rough approximation, a lateral force image
might be considered as a derivative of the corresponding
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height image taken in the scan direction. In this particular
imaging mode, strands of nucleic acid appear lying on
the substrate because they would be shaded by glancing
incidence light illumination from left or right. Thus, the
given figures for the grey level of the lateral force images
do not correspond to the real height profile values. Instead,
the estimated values for the apparent height (thickness) of
the strands are taken from acquired height signal images not
shown here.

From this it might be concluded that the observed
cholesteric and columnar-like ordering phenomena pre-exist
before the first SFM scan takes place and the structure
is altered eventually due to occasional fluctuations in
the tip–sample interaction. This provides further evidence
that the self-organized pattern of nucleic acid strands
must be there before the SFM observation starts and
is thus very unlikely to be initiated by the SFM scan
itself.

Scanning force microscopy of chicken erythrocyte
DNA
Figure 5 illustrates a mesophase-derived polydispersed
DNA adlayer.2,74 – 79,89 – 98,113 The overall two- and three-
dimensional presentations under conditions comparable to
near-solid cholesteric and columnar hexagonal mesophase
designs2,27 – 33,48 – 66,74 – 79 are additionally governed by the wall
conditions of the originating adlayers and imprinted by
the dynamics of the rolling-drop rheology.2,74,75 On the
other hand, single rods, given here in three-dimensions
presentation, hint at the building blocks of strand arrange-
ments without being capable of discerning between strands,
strand bundles and their possible (intertwinning) pack-
ing modes.1,2,6,7,13,16,34 – 42 The flexibility of the long dsDNA
stretches suitably follows both self-organizational and flow-
dictated morphologies (and, curiously and fortuitously, leads
back to the possible blueprinting of inorganic matrices for lib-
erated organic matrix generations, reminding us of common
principles), the bottom presentation of Fig. 5 also reveals
fractality convergences in nucleic acid mesophase with ter-
restric plate tectonics of a well-known Western Himalaya
region.

The resulting images correspond, in the main, to expec-
tations derived from indirect texture mesophase elucida-
tions by polarizing light microscopy. Because near-solid
mesophase appearances of nucleic acids (presumed for
adlayer conditions) tend to cholesteric and columnar hexago-
nal mesophases, rather massive packings of the long-shaped
molecules will be expected.

Scanning force microscopy of dsRNA- and
dsRNA/peptide organizations
Up to quite recently, DNA in SFM and SXM investigations
has overshadowed RNA.2,24,74 – 82,90 – 113 The genetic material,
its transport through cell membranes, the flexibility and
adaptability of the molecules as receptor and effector,
antisense strategies, the kingdoms of protein interactions
and, last not least, the problems around the human genome
project stimulated various permanent SFM/STM enterprises.
Favoured in comparison to RNA by its easy accessibility and

minor degradability DNA has opened up a lot of routes to
all sorts of definite sequences and substitution variations
into phosphates, sugars and bases. On the other hand,
RNA has suffered from its nuclease sensitivity, the dramatic
difficulties of synthesis and the widespread appearances
of quite different molecular entities under quite different
preconditions.

The SFM imaging in Fig. 6 reveals—for the double-
and triple-stranded (A)n/(U)n combinations, the quadruple-
stranded ‘Gs’ and, to a certain degree, also the AU duplexes
engaged in interactions with short (L-Lys)5 oligopep-
tides—long stretches of parallel-aligned massive bundles,
foreseen, as in the case of DNA by near-solid mesophase
appearances of cholesteric and columnar hexagonal arrange-
ments. The RNA is stiffer in comparison to DNA but also,
by the lower resolution of our SFM procedure, which is
better able to elucidate the organizational relationships than
details of the building programmes of the single bundles, the
rod-like packages dominate the images.

Different from these visualizations, the triplex images
present the molecular constituents as short-plaited grapes
with intertwinned strand bundles. As the nucleic acid triplex
build-up implies, in our case the subsequent addition of the
third Hoogsteen strand to a possibly not perfectly matched
preformed duplex,1,2,6,7,16,18,34 – 42 the different aberrations of
the third partner in inter- and intrastrand interactions and
a further step of degradation might well account for the
complexity and compactness of the triplex appearances in
two- and three-dimensions.

Those ‘triplex’ imaging relationships reappear to a certain
degree in the AU–Lys combinations of the high-molecular-
weight Lys partners of 2–15 kDa (Fig. 7). It was just such Lys
combinations that, in former days, had attracted attention for
the membrane passage of dsRNAs in cytokine induction up
to the present interferences of dsRNA signal systems with
genome regulations,1,2,62 – 64,114 and a multitude of models,
including our own in Fig. 1, had been used for detailed
suggestions to cope with a complexity of receptor interaction
needed by suitable model designs.1,2,4 – 6,13,16,22,24,33 – 42,63 To
our knowledge, none of the different proposals has been
proved unequivocally and here, with L-Lys-2000 and L-
Lys-6000, an increasing tendency for nucleic-acid–triplex-
comparable plaited grapes and even toroidal structures
appears in the SFM imaging of such dsRNA/high-molecular-
weight L-Lys combinations. On the other hand, the high-
molecular-weight entities of L-Lys–10000-15000 seem to be
dominated by slightly distorted bundles of stretches that
might hint at direct interactions of the long-shaped U/A
duplexes with the somewhat distorted Lys stretches of the
pure L-Lys-2000.84 – 87

Figures 5–7, with their imaging of DNA, RNA- and
RNA–Lys domains and microdomains of self-organizational
adlayer patterns, set a starting point from which static
and even dynamic investigations of self-organizational
phenomena of nucleoprotein system components may origin
and contribute to a general dual structure–phase view of
biomesogen order–disorder patterns between chaotic origin
and complexity tensions.
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Figure 8. Biomesogen DNA and RNA organizations between ‘structure and phase’1,2 (left to right): B-DNA and A-RNA duplexes in
cholesteric and columnar mesophase-derived meso(micro)phase (and adlayer) relevant arrangements.

CONCLUSIONS

In conclusion, scanning probe microscopy, especially SFM
and STM, proved highly efficient in the elucidation of
single-molecule details. Contrary to recent progress in the
imaging of mesophase areas of low-molecular-weight arti-
ficials, investigations in the field of biomesogen species
and their models are still in their infancy. Scanning
force microscopy visualizations of nucleic acid and nucle-
oprotein adlayer domains and microdomains, preferen-
tially on graphite substrates, offer insight into the opera-
tional modes of their self-organizational patterns (Fig. 8).
Further progress in statics and dynamics depends on
the accessibility of native milieus in liquid cells and
hopefully will profit (especially in molecular dynamics)
from continuing improvements in the rapidly developing
equipment.

The imaging of biomesogen subjects from the perspective
of phase cooperativity and complexity contributes to the
coherence of the inherent structure/phase dualities.
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